We have built a protein subcellular localization annotation database, the DBSubLoc database, which is available at http://www.bioinfo.tsinghua. edu.cn/dbsubloc.html. Annotations were taken from primary protein databases, model organism genome projects and literature texts, and then were analyzed to dig out the subcellular localization features of the proteins. The proteins are also classi®ed into different categories. Based on sequence alignment, non-redundant subsets of the database have been built, which may provide useful information for subcellular localization prediction. The database now contains >60 000 protein sequences including 30 000 protein sequences in the non-redundant data sets. Online download, search and Blast tools are also available.
INTRODUCTION
Subcellular localization is one of the key features of a protein, since it is closely related to biological function (1) . During translation or later, proteins will be transported into different regions such as cytoplasm, membrane system, nuclear region, mitochondrion, etc., or may be secreted out of the cell. As high-throughput genome sequencing projects have produced an enormous amount of raw protein sequence data, it is very important to annotate their functional features, including subcellular localization.
Most known protein subcellular localizations are determined by experimental methods and some others can be obtained based on very high sequence similarities. Now some bioinformatics methods have been developed to predict the subcellular location of proteins, which make use of either the sorting signals (2), or amino acid composition in the sequences (3±9). There are two factors that have an effect on the prediction. One is the number of protein sequences for training in the arti®cial intelligence method; and the other is the number of target subcellular locations covered in the data set, which determine the capability of the prediction method.
We have built the DBSubLoc database to collect and manage information related to subcellular localization, and to make it into an integrated platform to improve both the amount and the quality of the data sets, which may provide useful information for prediction methods, and also for research into functional relations of proteins. Sequence analyses were also performed to produce high-quality non-redundant sub-datasets.
The DBSubLoc database has been built on annotations from primary protein sequence databases: Swiss-Prot/TrEMBL (10) and the Protein Information Resource (PIR) (11) . Annotations were also provided by model organism genome projects such as the SGD (Saccharomyces cerevisiae) (12), TAIR (Arabidopsis thaliana) (13), FlyBase (Drosophila melanogaster) (14) and MGD (15) (Mus musculus). We selected only full-length and unambiguous proteins to build the DBSubLoc database. Repetitive sequences and short sequences of <20 amino acids were excluded. In the selected sequences, there are two types of subcellular location annotations. One type is annotated in natural language that is easy for humans to understand, but hard for programs to process, and the other is cross-referenced to the Gene Ontology (GO) term database (16) , which is ideal for further processing. Most of the text annotations in natural language are converted to certain GO cellular component by automatic keyword recognition or manual identi®cation. For other annotations that give very complex descriptions to the subcellular localization features, or describe proteins that are localized into multiple cellular components, their GO cross-references are determined manually. Some subcellular localization features are not determined by experimental methods directly; these low-quality annotations, marked with`by similarity',`probable' or`potential', are also collected into the DBSubLoc database, but most of them are eliminated in the non-redundant data sets. Therefore, in the DBSubLoc, each protein entry is cross-referenced to at least one GO cellular component term that indicates its subcellular location. The proteins annotated in model organism genomes are cross-referenced to the NCBI Taxonomy database (http://www.ncbi.nlm.nih.gov/Taxonomy/tax.html), and are also categorized based on their taxonomy class (i.e. virus, archaea, bacteria, eukaryote, etc.)
Based on the DBSubLoc database, we have also provided subsets of the database that are composed of non-redundant protein sequences for each taxonomy class. Using Blast, protein sequences were compared with each other and grouped according to their sequence similarity. In each nonredundant subset, the similarities between two protein entries are <60%.
DATABASE CONTENT
In the DBSubLoc database, each entry is composed of several records that describe one protein. Each entry contains the following information: the unique integer identity of the entry in the database; the name and text description of the protein; the taxonomic name of its source organism; the text annotations of its subcellular location; the amino acid sequence and cross-references to another database. Each cross-reference record indicates one link to other databases including SwissProt, the GO term database, the NCBI Taxonomy database, PubMed, etc. The cross-reference record provides the referenced database name and the unique identi®er in that database. As the database grows, more cross-references will be appended to existing entries.
The DBSubLoc database and the non-redundant subdatasets are released as plain text ®le. The format is similar to that of a Swiss-Prot data ®le. Each line in the ®le is one record of an entry in the`KEY VALUE' format, for example, the`ID 10000001' record means that the unique identity of this entry is 10000001. The cross-reference records begin with a`CX' key, each of the value data contain one cross-reference record in the`Reference Database: Reference ID' format, for example, the`CX GO: 0005737' record means that the protein entry is linked to the GO term database 0005737 entry. The sequence of the protein may be spread into several records with the`SQ' key. A detailed description of the format can be found on the web page. Tables 1 and 2 give brief statistical information on full data set and non-redundant data sets. The number of entries are listed in the tables. More statistical information is available at the website.
DATABASE ACCESS
We provide free access to the DBSubLoc database for education and research users. The website is available at http://www.bioinfo.tsinghua.edu.cn/dbsubloc.html. Users can download the database release ®le or smaller taxonomycategorized ®les. Users can also search the database with protein name, protein identity or cross-referenced database identity. An online sequence alignment service is also provided at the website. Users can submit one protein sequence to search for homologous sequences in the complete DBSubLoc database or in one of its non-redundant subsets. With the development of the DBSubLoc database, new database releases, more services and tools will be provided.
FUTURE DEVELOPMENT
We aim to collect more data and information, and classify and purify them into an ef®cient relational data model for further research. The non-redundant data sets are to be tested in developing new prediction methods. Because of the complexity of cellular components, more work is needed to make data set puri®cation and partition better. More annotations will be appended from the literature, other database and by prediction. Total  19664  38275  5608  5468  25192  3472  2640  64051  Nucleus  0  5444  971  412  3995  170  168  5782  Cytoplasm  3254  2463  423  113  920  0  417  6134  Membrane  6604  12877  1599  1329  9479  972  654  21107  Extracellular  936  3554  126  229  3173  15  0  4505  Mitochondrion  0  1726  393  211  1048  0  0  1726  Chloroplast  0  1789  0  1293  0  0  0  1789  Ribosome  2625  1000  271  257  365  0  788  4413  Other  6245  9422  1825  1624  6212  2315  613  18595 The number of entries is listed in each cell. 
